Virtually no information exists on the impacts of urban areas on island endemics. We examined the spatial distribution of island foxes (Urocyon littoralis clementae) associated with 3 small anthropogenically developed (i.e., ''urban'') areas and nonurban areas on San Clemente Island, California. Annual home range size averaged 0.84 km 2 (n ¼ 25, SE ¼ 0.07). Our top model indicated that foxes that spent a greater proportion of time in urban areas had significantly smaller home ranges (b PUrb ¼À0.009, 95% confidence interval [CI] ¼À0.0180-À0.0002). We found no effect of sex (b Sex ¼ 0.0135, 95% CI ¼À0.1430-0.1700), age (b Age ¼ 0.0502, 95% CI ¼À0.2730-0.3734), or whether or not a fox was considered a ''road'' fox (b Road ¼À0.0063, 95% CI ¼À0.2638-0.2513) on home range size. We noted considerable overlap of home ranges of foxes that used urban areas. Foxes used urban areas a greater proportion of time during the night than during the day (t 24 ¼À6.13, P , 0.001); however, foxes did not spend a greater proportion of time in urban areas than expected overall (t 24 ¼À0.59, P ¼ 0.560). We observed 13 of 25 (52%) foxes that utilized urban areas feeding on anthropogenic food resources. Foxes that used urban areas were heavier (n ¼ 35,X ¼ 1.98, SE ¼ 0.05) than foxes that did not use urban areas (n ¼ 26,X ¼ 1.81, SE ¼ 0.04; t 59 ¼À2.69, P ¼ 0.009). Our study is the first to demonstrate the effects urban areas on islands may have on canid populations. Our findings were similar to those reported for urban canid populations on the mainland, suggesting that future conservation and management of carnivores on islands may benefit from strategies that have been successful with mainland species.
With an ever-growing human population, investigating the effects urban areas have on wildlife likely will be at the forefront of endangered species conservation and management well into the future. Many species are displaced by urbanization, due to habitat loss and fragmentation (Wilcove et al. 1998; Czech et al. 2000) . Other species can survive and even benefit from living in proximity to human populations and urban areas (Riley 2006) . Omnivorous carnivores, such as raccoons (Procyon lotor- Riley et al. 1998) , red foxes (Vulpes vulpes-Harris 1981; Gosselink et al. 2010) , and kit foxes (Vulpes macrotis- Cypher et al. 2010) , reach high densities in urban areas. Urban areas provide food sources such as garbage, ornamental fruit, garden produce, pet food, and human handouts (Fedriani et al. 2001; Otali and Gilchrist 2004; Riley 2006 ) that may attract wildlife.
The island fox (Urocyon littoralis) is a diminutive descendant of the gray fox (U. cinereoargenteus), with an endemic subspecies on each of the 6 largest California Channel Islands. The island fox is considered opportunistic and omnivorous, feeding on beetles, beetle larvae, deer mice (Peromyscus spp.), terrestrial snails, and cactus fruits (Opuntia spp. -Phillips et al. 2007 ). Island foxes have been reported to have some of the smallest home ranges of any canid species (Crooks and Van Vuren 1996; Roemer et al. 2001; . In previous studies, the small home range size of island foxes has been attributed to ''island syndrome,'' and more specifically to their insectivorous nature (Roemer et al. 2001) .
Numerous studies of mainland species have documented that animals that utilize urban areas generally have smaller home range sizes than those that do not (Coman et al. 1991; Grinder and Krausman 2001; Prange et al. 2004; Rotem et al. 2011) . Although rarely tested directly, most of these results were thought to result from high natural or anthropogenic food productivity, which in turn allowed individuals to meet their energetic requirements in a smaller area. Although urban areas w w w . m a m m a l o g y . o r g on San Clemente Island are small, we surmised that their effects on fox behavior would mimic those found on the mainland. Silva et al. (2009) noted that red foxes selectively foraged along roads; thus, roads may serve as beneficial resources (e.g., road-killed food source- Cypher et al. 2009 ) for some wildlife. However, roads also add the risk of mortality from collisions with vehicles (Snow et al. 2012) . Resnik (2012) reported that home ranges of San Clemente Island foxes (U. l. clementae) that overlapped roads were significantly larger than home ranges of foxes that did not. Additional information on the effect of roads on home range sizes would be valuable.
The effect of gender on home range size is commonly included when examining space use of populations (Gehrt and Fritzell 1997; Roemer et al. 2001; Riley et al. 2003; Van Etten et al. 2007) . Differences between home range sizes for males and females are typically attributed to body size (Gehrt and Fritzell 1997) , and/or reproductive status/mating systems (Powell et al. 1997) . Differences in home range size between sexes have been found in some studies (Gehrt and Fritzell 1997; Riley et al. 2003) , but others have not found similar differences (Koehler and Pierce 2003; Henry et al. 2005) . Even though male island foxes are generally heavier than females (Roemer et al. 2001) , Resnik (2012) did not find statistically significant differences between home range sizes of females and males.
Differences in age may also contribute to differences in home range size. Younger animals may lack the experience necessary to acquire a productive home range, or to obtain quality resources in a particular area (Henry et al. 2005) . Adults typically have well-adapted behavioral strategies that allow them to secure the optimal resources, mates, and territories (Bisi et al. 2011) . There is little information on how age differences contribute to the home range size of island foxes, although if younger animals do not remain under parental care, and choose to disperse, the larger movements during exploration may indicate poorer habitat (Henry et al. 2005; Bisi et al. 2011) .
Historically, San Clemente Island foxes foraged in large numbers at a refuse dump near the main town on the island (Cooper et al. 2001; D. Garcelon, pers. obs.) . Gould and Andelt (2011) found that female foxes that spent a greater proportion of time within an urban area had greater probability of reproducing compared with foxes that infrequently utilized urban areas. However, foxes that frequent urban areas with a higher density of roads than in nonurban areas may be more at risk to vehicular trauma and rodenticide poisoning (Snow et al. 2012) .
No studies have investigated the effects of small urban areas on home range size and spatial distribution of island carnivores. Our primary objective was to determine how urban areas affect the home range size of island foxes on San Clemente Island. We hypothesized that: foxes that spend a greater proportion of time in urban areas will have smaller home ranges because of supplemental food sources; foxes with portions of their home ranges in urban areas will spend more time in the urban portions of their home ranges; foxes inhabiting urban areas will be heavier than rural foxes due to human provisioning; fox home ranges will remain stable from year to year; male home ranges will be larger than female home ranges; and adult foxes will have larger home ranges than younger foxes. We conducted an exploratory analysis to assess the effects of roads on home range size.
MATERIALS AND METHODS
Study area.-San Clemente Island is owned and operated by the United States Navy as a naval base for training activities. San Clemente Island is the southernmost of the 8 California Channel Islands, located approximately 109 km west of San Diego, California and measures 146 km 2 in size (Olmstead 1958) . Our study area was 81 km 2 and included the northwestern 55% of the island except for the extreme northern tip (2 km 2 , because of United States Navy restrictions), and a steep escarpment (7 km 2 ; Fig. 1 ). Vegetation on the island was comprised primarily of maritime desert scrub (54.4%), grassland (32.8% -Thorne 1976; Sward and Cohen 1980) , and developed (7.4%) in the form of Navy facilities and roads . Foxes live in all habitats on the island (Roemer et al. 2004) . Average temperature was 178C and annual precipitation during the study (August 2007 -July 2008 , as reported by the United States Navy) was 173 mm, slightly higher than the 10-year average (i.e., 130 mm), with 95% usually falling during the wet season, November through April (Kimura 1974; Yoho et al. 1999) .
We studied foxes that used 3 anthropogenically developed (designated as ''urban'' in this manuscript) areas: Wilson Cove (the main town area with central galley), the Airfield (where personnel arrive and depart from the island), and the Training Area North (TAN; Navy training facilities) on San Clemente Island (United States Department of the Navy 2002). Each urban area contained temporary human residences, office locations, and human-associated food sources (e.g., a galley); foxes were frequently observed in all 3 areas. Approximately 500 people lived in or used the 3 urban areas during our study.
We delineated the 3 urban areas with polygons (Wilson Cove, 61 ha; Airfield, 23 ha; and TAN, 18 ha) that extended 100 m beyond the buildings. We selected 100 m beyond polygons as a conservative estimate of the area that a fox may be lured into for supplemental resources. All areas outside these polygons were considered rural. Average daily traffic volume (N. Gould, pers. obs.) Capturing and classifying foxes.-We used geographic information systems (GISs) and the reversed randomized quadrant-recursive Raster algorithm (Theobald et al. 2007 ) to produce random but spatially balanced trapping locations throughout the study area and in the 3 urban polygons. We apportioned the overall number of traps set in the 3 urban areas (104 traps in Wilson Cove, 38 traps in Airfield, and 31 traps in TAN) on the basis of their relative sizes. We used 23-3 23-3 66-cm cage traps (Tomahawk Live Trap, Tomahawk, Wisconsin) with 1.27-3 2.54-cm mesh, baited with~57 g of dry cat food and Berryberry scent (On Target A.D.C., Cortland, Illinois) to capture foxes. We attached plexiglass to the inside of the front doors and attached a 46-cm-long polyethylene tube chew bar along an inside wall of all traps (Coonan et al. 2005) in an attempt to reduce potential traprelated injuries. The tops and sides of traps were covered with burlap and vegetation to protect foxes from exposure to sunlight. To avoid undue stress and risk of injury to foxes, traps were checked and closed at sunrise, remained closed during the day, and were reopened in the evening. Foxes were sexed, weighed, aged as juveniles or adults by general size and tooth wear (Wood 1958; Collins 1993) , and females were checked for reproductive status (size and pigmentation of teats) and general physical condition. Foxes were fitted with approximately 40-g radiotelemetry collars equipped with mortality sensors (Advanced Telemetry Systems, Isanti, Minnesota). We inserted a passive integrative transponder tag (Biomark, Boise, Idaho) in each captured fox, and released foxes at their capture location. Animal capture, handling, and monitoring protocols were approved by Colorado State University's Institutional Animal Care and Use Committee (protocol 06-098A-01), and were consistent with guidelines of the American Society of Mammalogists (Sikes et al. 2011) .
We captured and radiocollared 20 subadult (,2 years old, n ¼ 7) and adult (.2 years old, n ¼ 13) males and 14 subadult (n ¼ 3) and adult (n ¼ 11) females on the northwestern 55% of San Clemente Island (i.e., randomly across the study area) from January to early August 2008. Foxes that were captured under this sampling scheme are denoted as ''random''. We classified foxes as urban if they had at least 1 telemetry location in an urban area, whereas the remaining foxes were classified as ''rural'' if they were never located inside an urban area. In addition, we captured 13 subadult (n ¼ 4) and adult (n ¼ 9) male and 13 subadult (n ¼ 6) and adult (n ¼ 7) female foxes inside the 3 urban areas and considered all these foxes as urban. We defined excursions as an exploratory movement !1 km from the nearest location we observed within the 95% fixed-kernel home range (Adams et al. 2008; Skuldt et al. 2008; Snow et al. 2012) .
Radiotelemetry on foxes.-We used a null-peak system to monitor radio signals from a single vehicle with a receiver (Advanced Telemetry Systems, Isanti, Minnesota) connected to a vehicle-mounted stacked array of two 6-element antennae. We obtained compass bearings from 3 tracking stations so that error ellipses could be calculated for the estimated locations (White and Garrott 1990) using location of a signal software (LOAS, 4.0; Ecological Software Solutions LLC, Urnäsch, Switzerland). When 3 bearings could not be obtained, we located foxes from 2 tracking stations (i.e., biangulation). We biangulated foxes less than 20% of the time. We attempted to minimize elapsed time between telemetry bearings by obtaining compass readings within a 10-15 min interval and primarily by obtaining bearings .158 and ,1658 apart, to help minimize error. We used a handheld Yagi antenna and located foxes in remote canyons on foot.
We monitored groups of 6-10 radiocollared foxes on the basis of geography and proximity to one another to maximize efficiency of our data collection. We followed each of these groups during one of three 8-h periods (0000-0800, 0800-1600, 1600-2400 h), completing these periods every 3 weeks. We recorded 1 location every 2 h for each animal, resulting in 4 locations (or attempts) for each 8-h shift. Following Snow et al. (2012) , we classified foxes that crossed roads a greater number of times than the highest rate of excursion by any radiocollared fox as a ''road'' fox. We classified all other foxes as ''nonroad'' foxes.
Data analyses.-We followed the methods and criteria of Snow et al. (2007) and Resnik (2012) for establishing ''unacceptably large'' error ellipses and polygons around estimates of telemetry locations (White and Garrott 1990) . Thus, we eliminated triangulated locations with estimated error .52,500 m 2 and biangulated locations with estimated error .22,710 m 2 . On the basis of Andelt et al. (2009) and Schmidt and Garcelon (2005) , these error thresholds corresponded to ,4% and ,2%, respectively, of average home range sizes (Snow et al. 2007; Resnik 2012 ). Our average error polygon size per fox was 3,027 m 2 , which was considerably smaller than our maximum threshold limits. Locations acquired on foot using a handheld Yagi consisted of a visual observation on the fox; thus none of these locations was excluded. We calculated the 95% isopleth to define home range boundaries (White and Garrot 1990) using the Animal Movement SA Extension (Hooge and Eichenlaub 2000) in ArcGIS (ver.3.3, ESRI; Environmental Systems Research Institute, Inc., Redlands, California) with a kernel density estimator (Worton 1989 ), a fixed smoothing technique (Worton 1995; Seaman and Powell 1996) , and the least-squares crossvalidation for bandwidth selection (Worton 1989; Seaman et al. 1999; Powell 2000) . Kernel density estimators are the recommended estimator for investigations focusing on home ranges (Harris et al. 1990; Millspaugh and Marzluff 2001) . We minimized bias in home range estimation due to small sample sizes by using only those animals with .60 locations (Seaman et al. 1999; Powell 2000; Kernohan et al. 2001) . We examined residuals and, due to inhomogeneity of variances, we logtransformed home range sizes to meet assumptions of normality. Home ranges that overlapped the ocean were clipped to edge of the island for foxes that utilized coastal areas (Resnik 2012) .
To ascertain whether the 95% fixed kernel was an appropriate measure of fox space use, we plotted the area versus relative use curves for our core areas following the methodologies of Bingham and Noon (1997) and Powell (2000) . Under this methodology, the animal's core area is represented by the areas in its home range that were used most often (Powell 2000) . We assumed that if foxes in urban and rural areas were using their home ranges similarly, and thus had similar shapes to these curves, then the 95% fixed kernel would be an appropriate index of space use (Powell 2000) . We log-transformed core area size and tested for a ''group'' effect between foxes in urban and rural areas (PROC MIXED-SAS Institute 2007).
We used proportion of locations within the 3 urban areas (''PUrb'') for each fox and a mixed-effects regression model (PROC MIXED-SAS Institute 2007) to determine if time spent in an urban area affected home range size. We also evaluated the effects of age, sex, and whether or not a fox was considered a road fox on the size of home ranges. Biologically relevant models were constructed a priori, and an informationtheoretic approach (Burnham and Anderson 2002 ) was used to identify models that best explained variation in island fox home range size. We included 1 model, a posteriori, with an interaction term between PUrb and Sex because these 2 main effects carried the largest percentage of model weight when modeled individually as main effects. We limited our candidate model set to only 6 models to avoid including spurious effects due to overparameterization (K. P. Burnham and D. R. Anderson, pers. comm.) , and because our sample size was small. We used Akaike's information criterion corrected for small sample size (AIC c ) to assess model weights, and ranked candidate models using DAIC c (Burnham and Anderson 2002) . We used Akaike weights to determine the relative support for a model. We used model averaging across parameters for PUrb and Sex, and calculated the unconditional variance estimates and associated 95% confidence intervals (CIs; Burnham and Anderson 2002; Anderson 2008) . We determined if these 2 variables had strong influences on home range size by examining whether the CIs covered zero. To test whether our 3 urban areas were independent treatments, we first used a mixed-effects regression model to ascertain if there was a group effect (i.e., Wilson Cove, Airfield, TAN), and second, we determined if time spent in an urban area affected home range size for foxes in each of the 3 urban areas separately.
We ascertained foxes that selected for urban habitat within their home range by comparing the proportions of locations within the urban habitat with the proportion of urban area within the home range with a paired t-test (PROC TTEST). We obtained sunrise and sunset times for the 15th day of each month and then considered locations 1 h after sunset to 1 h before sunrise for that month as nocturnal, whereas the remaining locations were considered diurnal (National Geophysical Data Center 2008). We then examined if foxes used urban habitat a greater proportion of time during the day versus night with a paired t-test (PROC TTEST). We compared weights of the urban and rural samples of foxes with a t-test (PROC TTEST-SAS Institute 2007).
We excluded 1 fox that had an annual home range of 4.26 km 2 , which was approximately twice the size of the largest fox home range described from previous studies, and thus was assumed to be an outlier. We also excluded from the primary analysis 4 foxes that we only located during the daytime, 10 foxes because they died or their transmitter failed before we acquired 60 locations, and 3 because !30% of the locations had error polygons that were greater than our maximum threshold.
Home range size and overlap between consecutive years.-Eight foxes that we captured in the random (captured at random trap sites across the entire study area) and urban samples (captured only within the anthropogenically developed areas) were also part of a 2006-2007 home range study (Resnik 2012) . Spatial data were collected consecutively across study periods for 31 months on each of these foxes to examine home range overlap between the 2006-2007 and the 2008 periods. We plotted home ranges for each of the 8 foxes for each period, and obtained the intersections and unions between periods for each fox using GIS. We then used the equation
to determine site fidelity, or home range overlap between periods, where F is site fidelity between the 2 periods, A˙B is the intersection of the fox's 2 home ranges, and A¨B is the union of the fox's 2 home ranges (Millspaugh et al. 2004; Resnik 2012 ; T. R. Stanley pers. comm.). Data collection methodology was the same in 2006-2007 and 2008 . We compared mean fox home range size for the random samples in 2006-2007 and 2008 by computing the mean and SE for the difference between the 2 years and determined if the 95% CI covered zero. We used the standard equation: ŷ6t a=2 3 SEðŷÞ ð 2Þ whereŷ is the difference between the means, t a/2 is the table value for the t-distribution, and SE(ŷ) is the standard error for the difference between the means, to generate the upper and lower bounds of the 95% CIs. We used the same methods to compare road and nonroad foxes between 2006-2007 and 2008 , but we only used road foxes from our 2008 random sample instead of using road foxes from our random and urban samples, to avoid biasing our analyses by the effects of urban areas on road foxes. Our top model indicated that home range sizes of foxes were inversely related to the proportion of time that they spent in urban areas (b PUrb ¼À0.009, 95% CI¼À0.0180-À0.0002; Fig. 5 ). This model was supported with 62.5% of the overall Akaike model weight (Table 1) . We found no effect of sex (b Sex ¼ 0.0135, 95% CI ¼À0.1430-0.1700), age (b Age ¼ 0.0502, 95% CI ¼À0.2730-0.3734), or whether or not a fox was considered a road fox (b Road ¼À0.0063, 95% CI ¼À0.2638-0.2513) on home range size. We also found no interaction between PUrb and Sex (b PUrb3Sex ¼ À0.0073, 95% CI ¼À0.0256-0.0111). We found no evidence of a group effect (F 3,38 ¼ 0.940, P ¼ 0.430), suggesting that our 3 urban areas were independent treatments. Additionally, when we modeled each urban area separately, we found that home range sizes of foxes were inversely related to the proportion of time they spent in Wilson Cove (F 1,8 ¼ 3.09, P ¼ 0.058, 1-tailed test) and the Airfield (F 1,7 ¼ 6.45, P ¼ 0.019, 1-tailed test), but not for TAN (F 1,4 ¼ 0.47, P ¼ 0.266, 1-tailed test).
RESULTS

From
In contrast to our hypothesis, we found that the proportion of time radiocollared foxes spent within 1 of the 3 urban areas was not different from that expected at random for the random sample of foxes (t 22 ¼ 1.32, P ¼ 0.202) or urban foxes (t 24 ¼ À0.59, P ¼ 0.560). However, we found that foxes used urban areas a greater proportion of time at night (393/1,361 ¼ 28.9%) than during the day (269/2,147 ¼ 12.5%, t 24 ¼ À6.13, P , 0.001). Foxes that utilized urban areas were heavier (X ¼ 1.98, SE ¼ 0.05) than foxes that did not use urban areas (X ¼ 1.81, SE ¼ 0.04, t 59 ¼ À2.69, P ¼ 0.009).
Home range size for the random samples did not differ areas. We suspect that the smaller home ranges were the result of either more concentrated resource loads or more beneficial resources in the urban areas than in nonurban areas. This is consistent with an established negative relationship between home range size and resource availability and quality (Powell et al. 1997 ). Many studies also have shown that carnivores have smaller home ranges in urban areas than in nonurban areas (Harris 1981; Frost 2005; Riley 2006; Baker et al. 2007; Gehrt et al. 2009; Gehrt and Riley 2010; Gosselink et al. 2010) . also found that island foxes on the northern part of San Clemente Island had significantly smaller home ranges, but did not attribute this to an anthropogenic or urban area effect. Thus, to our knowledge, no previous studies documented that small urban areas have similar effects on insular species of carnivores, as has been found for mainland carnivores inhabiting urban areas.
In rural environments, food availability is highly variable, depending on annual environmental conditions, particularly rainfall (White and Garrot 1997; Cypher et al. 2000; Cypher 2010) . In urban environments, anthropogenic food is likely more consistently abundant. Cypher (2010) reasoned that foods are both more abundant and possibly more concentrated in urban environments, and therefore foxes may be able to obtain adequate resources from a smaller area. Similarly, in urban study areas, Gosselink et al. (2010) found that ''suitable'' (urban) habitat was consistently home to resident red foxes, with new foxes ''quickly'' moving into these areas after mortalities of resident foxes, likely due to the plentiful food and cover resources that urban areas provide. At the landscape level, small home range size is often an indicator of high population densities (Andelt 1985; Fedriani et al. 2001; Gehrt et al. 2009 ). Foxes that utilized urban areas and had smaller home range sizes on San Clemente Island may be a reflection of higher fox densities. In some instances this can lead to increased territoriality and home range stability (White and Harris 1994; Soulsbury et al. 2010 ), but in most cases it leads to a breakdown of territoriality and an increase in home range overlap (Hadidian et al. 2010; Harris et al. 2010) . Island foxes are known to acquire specific territories and exhibit a high degree of territoriality (Roemer et al 1994 (Roemer et al , 2001 ). However, we found that home ranges of foxes in urban areas consistently overlapped with other foxes (Figs. 3 and 4) . Our findings provide reason to investigate if territorial breakdown occurs in other areas of San Clemente Island.
Although prey densities are not known for the urban areas on San Clemente Island, the constant anthropogenic food sources in urban areas may supplement, or even replace, natural food sources, especially in an arid environment where drought is known to occur. We opportunistically observed 52% (13/25) of our collared urban island foxes feeding from an anthropogenic food source (e.g., food bowls, galleys, refuse containers), with an additional 20% (n ¼ 6) observed in the immediate area but not feeding. There are no data available that compare natural food sources between urban and nonurban areas on San Clement Island, although Cypher et al. (2011) documented that deer mice (Peromyscus maniculatis) and beetle and beetle larvae (Order Coleoptera) are considered primary foods throughout the year on San Clemente Island. We suspect that these food sources are likely to be distributed evenly across San Clemente Island (i.e., in both urban and nonurban areas), and thus, drought conditions on San Clemente Island are likely to cause variation in the abundance of these resources, and therefore could potentially direct foxes toward more unnatural diets, such as the anthropogenic food sources located in urban areas. Foxes on San Clemente Island also utilize other nonnative food sources associated with disturbance, such as the fruits of the ice plant (Carpobrotus spp.) and the European garden snail (Helix aspersa) that tend to inhabit those communities (Cypher et al. 2011) . Nonetheless, we suspect that the supplemental food sources likely contributed to the significantly heavier weights of urban foxes. We suspect that urban foxes primarily used urban areas for the supplemental food resources. Kit foxes (V. macrotis) were found to routinely visit areas where anthropogenic food sources were consistently available, but the foxes did not appear to depend on those resources (Cypher 2010) .
Our finding that foxes utilized urban areas more at night is consistent with other studies on carnivores (Tigas et al. 2002; Riley et al. 2003; Grubbs and Krausman 2009; Gehrt and Riley 2010) . Foxes likely utilize urban areas more at night because they can move about more easily without being detected and there is less human activity. Foxes also might use urban areas more at night because of reduced traffic volume and unattended outdoor refuse containers. Our finding that core area size did not differ between foxes in urban and rural areas likely suggests that social structure is similar between the 2 groups. Our lack of significant differences in home range size between sexes and age classes were likely due to small sample sizes and consequently low power to detect differences.
Although the urban areas on San Clemente Island are only small representations of the urban areas we associate with cities, the implications from our study resonate with published findings on the mainland. The large number of home ranges that overlapped the 3 urban areas, which totaled only 1.09 km 2 (i.e., approximately 1 fox home range), further suggests that these urban areas are a beneficial resource to island foxes. Due to the small urban areas on San Clemente Island, fox densities may be higher than previously suspected; thus we recommend ascertaining densities of foxes across San Clemente Island, and especially in urban areas. This could provide additional confirmation of the effects of urban areas. Installing camera traps at anthropogenic food sources (e.g., a galley) may be a useful tool for determining the manner and rate with which foxes use these sites.
Encouraging and maintaining these urban populations could possibly contribute to the conservation and population viability of the island fox. Urban island fox populations could potentially serve as ''source'' populations for reintroductions into rural areas; as has been observed in red foxes (Baker et al. 2000; Gosselink et al. 2007 ) and kit foxes in California . Last, directing previous management recommendations for foxes on San Clemente Island (e.g., reduced speed limits, stricter enforcement of speed limits, additional signage alerting drivers of foxes on roads-Gould and Andelt 2011-toward the nocturnal hours may benefit foxes more directly in urban areas due to their higher frequency of use of these areas at night. Our study provides the 1st evidence that an insular canid population exhibits similar ecology, in respect to urban areas, as has been reported for mainland canid populations. Consequently, islands with urban canid, or carnivore, populations should be managed with conservation tools and research initiatives that insure the welfare of these urban populations, as has been seen with many mainland urban species.
